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(57) Abrege/Abstract:

A method and laboratory system for handling sample tube racks are disclosed. The laboratory system comprises a storage section
with a plurality of shelves for storing a plurality of storage racks, a disposal unit for disposing sample tubes from the storage racks, a
robotic transfer system for loading storage racks into the storage section, for retrieving storage racks from the storing section and
for bringing storage rack to the disposal unit after a given storage time has elapsed.
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Abstract

A method and laboratory system for handling sample tube
racks are disclosed. The laboratory system comprises a stor-
age section with a plurality of shelves for storing a plu-
rality of storage racks, a disposal unit for disposing sam-
ple tubes from the storage racks, a robotic transfer system
for loading storage racks into the storage section, for re-
trieving storage racks from the storing section and for
bringing storage rack to the disposal unit after a given

storage time has elapsed.
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A method and laboratory system for handling sample tube

racks

Technical Field

The present 1nvention relates to the handling of sample
tube racks 1in a test laboratory environment, and particu-
larly to a laboratory device for handling sample tube racks
in the context of storing such sample tubes in a storage
compartment. More particularly, the present 1invention re-

lates to an automated tubes identification system.

Description of the Related Art

In laboratories, such as for example clinical laborato-
ries 1n which patient samples are examined and submitted to
various 1n-vitro diagnosis tests, test tubes containing sam-
ples (such as blood, urine, etc.) have to be handled in high
number and 1n a cautious but still efficient manner. For
vyears now, automated procedures with corresponding systems
and devices have been used in this context.

One aspect during the handling of these sample tubes
relates to the tubes being placed in a storage compartment
which can be, for example, a refrigerating device. For effi-
cient handling purposes, the tubes are not handled individu-
ally but placed in so-called racks. Usually, the tubes are
placed 1n special storage racks, which storage racks are
then placed into storage compartments such as shelves in the
storage device for a predefined time. During this time
frame, racks may have to be retrieved by the rack handling
device e.g. in order to deliver a sample tube (which is con-
tained on that rack) in response to a request for further
analysis, and subsequently be placed back into storage.

Document EP 1 441 026 discloses a storage system which
has a cabinet with controlled climatic conditions, and ring-

shaped holders to store the samples within its interior. An
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automatic transport system moves the samples, with a mecha-
nism to load and unload them within the sample holders. The
loading/unloading mechanism and/or the sample holders rotate
around a centre axis. The samples are 1inserted and removed
over the top of the assembly by a telescopic mechanism, with
a vertical 1lift column and a transfer guide with a relative
vertical movement at the lift trolley through a lock at the
upper cover.

United States Patent 6,129,428 discloses an object
storage device which 1s a carousel and holds objects in ob-
ject carrliers. They lie only partially on a structure of the
object storage device and can be lifted up. The storage sta-
tion has a carousel-like object storage device and a trans-
port device with an element for holding the object carriers
which moves the object carriers parallel and perpendicular
to the axis of the carousel-like object storage device. The
climatic test cabinet has a window and a storage station in-
side 1t consisting of an object storage device and a trans-
port device, which transports one of the object carriers at
a time back and forth between the object storage device and
the vicinity of the window.

United States Patent 6,478,524 discloses a storage ar-
rangement and a storage receptacle for objects, wherein the
storage arrangement has a storage device with at least one
storage shaft containing several storage spaces arranged on
top of each other, and a delivery device for the short-term
reception of the objects. The storage arrangement further-
more has a transport device with an object carrier, and has
a vertical displacement device, a horizontal rotating device
and a horizontal displacement device for displacing the ob-
ject carrier between the delivery device and the storage
spaces. The objects always take up the same angle in respect

to the vertical line, wherein a base surface of the objects
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1s preferably horizontally oriented. The storage receptacle
consists of a storage cabinet and an integrated storage ar-
rangement. The storage cabinet has a lock window opening,

-

whose dimensions correspond to the dimensions of an object.

The delivery device 1s located outside the storage cabinet.

Summary
In one aspect, there i1s provided a laboratory system to

handle laboratory sample tube racks, comprilising: a storage

section with a plurality of shelves for storing a plurality

of sample tube racks, wherein the storage section further
comprises: a) a disposal unit for disposing sample tubes
from the sample tube racks; and b) a robotic transfer system
configured for loading the sample tube racks into the stor-
age section, for retrieving the sample tube racks from the
storing section and for bringing a sample tube rack to the

priur

disposal unit after a given storage time of the sample tube

rack has elapsed.

In another aspect, there 1s provided a method to handle
laboratory sample tube racks 1in a laboratory system compris-
1ng a storage section having a plurality of shelves for
storing a plurality of sample tube racks, a disposal unit
and a zrobotic transfer system, the method comprising the

steps of a) loading sample tube racks 1into the storage sec-

tion through a gate by means of the robotic transfer system;

b) retrieving upon need a sample tube rack from the storing

g—

section through a gate by means of the robotic transfer sys-

tem; ¢) bringing a sample tube rack 1nto the disposal unit
by means of the robotic transfer system after a given stor-
age time for the said sample tube rack has elapsed; and d)
disposing sample tubes through the disposal unit.

According to the invention, a laboratory system for
handling laboratory sample tube racks comprises a storage

section with a plurality of shelves for storing a plurality

3
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of storage racks, a disposal unit for disposing sample tubes

‘rom the storage racks, and a robotic transfer system for

|- |

loading storage racks i1nto the storage section, for retriev-
1ng storage racks from the storing section and for bringing
storage racks to the disposal unit after a given storage

time has elapsed. According to a preferred embodiment, the

conveylng system comprises a coupling element for coupling
with the storage rack to be conveyed, the coupling element

transferring push/pull forces on the storage rack when cou-

pled thereto. The conveying system further comprises a plat-

form for carrying the storage rack to be conveyed, the plat-

form belng operatively connected with a height adjustment

device. In case a storage rack 1i1s pulled onto the platform

from a storing position e.g. on a shelf 1n the storage de-
vice, the height adjustment device lowers the platform

slightly below the level of the storage position from which

the rack 1s pulled. In case a storage rack 1s pushed from

P

the platform 1n a storing position e.g. onto a shelf in the

storage device, the height adjustment device railises the

platform slightly above the level of the storage position

into which the storage rack 1s pushed.

g

Thus, according to the invention, the 1level of the

storage handler platform 1s adjusted depending on the direc-

3a
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tion in which the storage rack i1s handled, thus allowing for
proper insertion and retraction/retrieval of the storage
racks.

The invention further provides a laboratory system to
handle laboratory sample tube racks after expiration of a
predefined time 1limit of storing. According to a preferred
embodiment, the disposal unit comprises a tilt module with a
rack park position positioned above a waste container. The
ti1lt module 1s designed to tilt over the rack park position
when loaded with a rack by the conveying system such that
sample tubes contained in the rack fall i1nto the waste con-
tainer below.

According to the invention, a rack containing sample
tubes to be disposed 1s placed into the tilt module. Follow-
ing tilting over of the rack park position, the sample tubes
fall out of the rack due to gravity and into the waste con-
tainer below. This allows for automated disposal of tubes,
ensuring that no tubes fall next to the waste container. A
deflector or baffle plate may be positioned between the tilt
module and the waste container for guiding falling sample
into the waste container. After the rack has been emptied,
1t 1s brought back into a regular (non-tilted) position and
retrieved by the conveying system. During retraction, a sen-
sOor may detect whether any tube has remained in the rack.
The delivering/retrieving mechanism carried out by the con-
veylng system with respect to the tilting module can be the
same or similar to that carried out with respect to a stor-
ing position.

Further features and embodiments will become apparent
from the description and the accompanying drawings.

It will be understood that the features mentioned above
and those described hereinafter can be used not only in the
combination specified but also in other combinations or on
their own, without departing from the scope of the present
disclosure. The disclosure of the invention also covers the
corresponding methods of operation of the disclosed devices
and systems, and the present description also covers a com-

puter program with program coding means which are suitable

4
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for carrying out the methods of the invention when the com-
puter program 1S run on a computer or control unit. The com-
puter program 1i1tself as well as stored on a computer-

readable medium is claimed.
Various 1mplementations are schematically 1llustrated

in the drawings by means of an embodiment by way of example
and are hereinafter explained in detailil with reference to

the drawings. It 1s understood that the description is in no

way limiting on the scope of the present disclosure and is

merely an 1llustration of a preferred embodiment.

Brief Description of the Drawings
Figure 1 shows a perspective view of a laboratory

equipment unit comprising a laboratory system of the inven-

tion.
Figure 2 shows a top view on a primary rack handler

area of the laboratory system of the invention where incom-

1ng primary racks are handled.
Figure 3 shows a top view of a resorting station ac-

cording to the invention.

Figure 4 shows a top perspective view of a storage rack
docking element of the resorting station of Figure 3.

Figure 5 shows a first perspective view of a robotic
transter system for handling storage racks.

Figure 6 shows a second perspective view of the robotic
Lransfer gsystem for handling storage racks of Figure 5.

Figure 7 shows an enlarged detail of a hook of the ro-
botic transfer system for handling storage racks of Figure 5

engaging with a storage rack.
Filgure 8 shows a perspective view of a storage rack.

Figure 9 shows an enlarged detail of the storage rack

of Figure 8.
Figure 10 i1s a perspective view of a storage rack on a

storage shelf of the invention.
Figure 11 is another perspective view of a storage rack

between two shelves.
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Figure 12 1s a perspective top view of a disposal unit
of the invention and the robotic transfer system of Figure
5.

Figures 13A to 13 C show front views of a drum of the
disposal unit of Figure 12 1in subsequent operation steps.

Figure 14 shows another embodiment of the disposal unit

of the invention.

Detailed Description

Reference will now be made 1n detail to some embodi-
ments, examples of which are i1llustrated in the accompanying
drawings. Wherever possible, the same reference numbers are
used throughout the drawings to refer to the same or like

parts.

Figure 1 shows a perspective view o0f a laboratory
equipment unit 10 comprising a laboratory system of the in-
vention. This 1laboratory eqgquipment unit 10 may be a so-
called storage retrieval module (SRM) forming part of an
overall laboratory analyser system. The storage retrieval
module comprises a rack handler section 12 (on the left hand
side of the depiction of Figure 1) and a refrigerating or
storage section 14 (on the right hand side of the depiction
of Figure 1). Between the two sections 12, 14 there 1is a
loading/unloading interface (not shown) through which racks
are transferred from the rack handler section 12 into the
storage section 14 and back (in case of retrieval). This
loading/unloading interface may be designed like a gate or
the like.

The storage section 14 may comprise a refrigerator 16.
A storage section in the context of this invention is a
cabinet of various size which is able to store a plurality
of sample tubes, preferably in storage racks. It may have an
appropriate tempering unit to hold the ambient temperature
for the tubes within the refrigerator below room tempera-
ture, possibly below 18 °C and possibly below 10 °cC.

In 1ts 1nside, the storage section 14 comprises a plu-
rality of shelves for storage of a high number of sample
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tube racks. According to the 1invention, the sample tube
racks loaded into the storage section are so-called storage
racks. This 1implies that all tubes contained in primary
racks (i1.e. 1ncoming racks of various types) fulfilling the
geometry criteria of the i1nvention are taken out of their
respective primary racks and are resorted 1n sultable stor-
age racks before being loaded into the storage section 14.
The storage section may be large enough for one or two human
beings being able to enter the inside of the storage section
14 through a door (not shown). In case the door 1s opened, a
safety switching circuit ensures that all moving systems
(L1ke robotic arms or other transfer or conveying systems)
come to a standstill, for example in a neutral or home posi-
tion. While primary racks are single-row racks with somewhat
standard geometry and therefore designed to be handled in a
plurality of different laboratory systems, the secondary
racks and particularly the storage racks are multi-row racks
(e.g. three rows with more than ten positions, for example
13 to 14 positions). Therefore, the secondary racks are more
stable, particularly for storing purposes, and less likely
to tilt over.

Further, the storage section 14 comprises a disposal
unit 18. The disposal unit 18 is connected with the storage
section 14 via an internal opening (not shown) 1in a wall
separating the storage section 14 from the disposal unit 18.
Through this opening, sample tubes whose expiration date
(1.e. shelf life) has elapsed can be disposed automatically
through the disposal unit 18.

The rack handler section 12 has a housing consisting of
several outer walls with windows so that operating personal
can have a direct visual overview of the rack handler's
functioning. The rack handler section 12 comprises an open-
ing 20 1n one of the outer walls through which primary racks
can be 1nserted into the storage retrieval module 10. The
opening 20 leads to a primary rack handler area 210 (cf.
Figure 2) which comprises at least one robotic arm 220

(which can be seen in the depiction of Figure 1 through one
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of the windows). The opening 20 might be closable by means
of a sliding or retractable door (not shown).

The rack handler section 12 further comprises drawers
22, 24 through which emptied primary racks and/or primary
racks containing sample tubes with error designations and/or
racks containing at least one retrieved sample tube can be
taken out of the storage retrieval module 10.

Further, the rack handler section 12 comprises a cap-
ping station 26 with a feeder tank 28 for tube caps.

The storage retrieval module 10 also comprises a man-
machine interface (MMI) 30 which might have the form of a

touch screen monitor 32 at the end of an articulated arm 34.

Figure 2 shows a top view of the primary rack handler
area 210 of the laboratory system of the invention. The pri-
mary rack handler area 210 comprises a platform 212 1inside
the rack handler section 12 of Figure 1. It further com-
prises a first robotic arm 220 which may be installed essen-
tially in the centre of the platform 212 or at least at a
position from which 1t can reach at 1least all 1locations
within the primary rack handler area 210. Any known suiltable
robot can be used for this purpose, such as for example a
SCARA robot with four axes and four degrees of freedom. The
robotic arm 220 comprises, at 1its end, a gripper 222 de-
signed to securely grip the racks to be handled.

On the platform 212, a conveyor 214 is provided for
conveyling incoming primary racks PR containing sample tubes
(e.g. five sample tubes) to an image analysing unit 250
which 1s also positioned on the platform 212.

Further, a plurality of alignment elements 230 are pro-
vided on the platform 212. The alignment elements 230 are
designed to hold in place the primary racks PR 1in a desired
alignment or orientation which corresponds to an orientation
of the gripper 222 of the robotic arm 220. In order to en-
sure proper orientation of the primary racks PR 1in every
step of processing (such that the sample tubes positions are
always unambliguously identifiliable), the primary racks may
not be 1introduced directly on the conveyor 214 through the
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opening 20 but rather be taken up by the gripper 222 of ro-
botic arm 220 and then placed on the conveyor 214. For this,
a receiving position (not shown) for incoming racks 1s pro-
vided from which the robotic arm then takes up the incoming
rack 1n order to place it onto the conveyor 214.

The conveyor 214 conveys the primary rack into the im-
age analysing unit 250 where the sample tubes in the primary
rack are analysed as to thelr geometry parameters. The de-
termined geometry parameters of each sample tube are com-
pared with predetermined geometry criteria and i1t 1s i1denti-
fied whether a sample tube is system conform or not. One of
the geometry parameters to be analysed 1s the presence of a
cap on the sample tube, other parameters to be analysed are
for example the tube's diameter and height.

In case a sample tube is found to have no cap, the
whole primary rack is sent to the capping station 26 before
any other further processing. For this, the first robotic
arm 220 places the primary rack onto the conveyor 240 con-
veylng the primary rack with i1ts sample tubes into the cap-
ping station 26 for a re-capping of the sample tube(s) iden-
tified to have no cap. After successful re-capping of the
sample tube(s), the primary rack 1s brought back into the
regular processing as explalined in more detail below. Alter-
natively, as the case may be, the primary rack can be trans-
ferred back into the image analysing unit 250 in order to
make sure that now all sample tubes carry a cap and are fit
for further processing.

Figure 3 shows a top view of a resorting station 310
according to the invention. The resorting station 310 is
also a part of the rack handler section 12 and is positioned

adjacent to the primary rack handler area 210 of Figure 2.
For example, the resorting station 310 may be positioned on
the left hand side of the primary rack handler area 210 in
the depiction of Figure 2, as indicated by reference numeral
310 in Figure 2.

The resorting station 310 comprises a storage rack
docking element 312 which is designed to receive a plurality
of storage racks SR. The storage rack docking element 312

9
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has basically the form of a substantially rectangular plate
with a number of recesses 314 (five recesses in the embodi-
ment shown 1in the drawings) adapted to fittingly receive ac-
cording storage racks SR (cf. also Figure 4).

The resorting station 310 further comprises a second
robotic arm 320 which 1s positioned behind the storage rack
docking element 312 1n such a manner that a gripper 322 at-
tached to the second robotic arm 320 may be able to reach
any location within the resorting station 310. The second
robotic arm 320 1s of similar or identical type as the first
robotic arm 220 of the primary rack handler area 210 as de-
scribed above but 1s provided with a different gripper 322,
namely a sample tube gripper whereas the first robotic arm
220 of the primary rack handler area 210 i1s provided with a
primary rack gripper 222.

Further, the resorting station 310 comprises a primary
rack docking element 340 which i1s located at a position very
close to the primary rack handler area 210 so as to be eas-
1ly reachable by the first robotic arm 220 of the primary
rack handler area 210 1in order to be loaded with primary
racks. In the illustration of Figure 3, arrows with refer-
ence numerals 14 and 210, respectively, 1ndicate the orien-
tation of the resorting station 310, i.e. the primary rack
docking element 340 and the back side of the second robotic
arm 320 of the resorting station 310 are oriented towards
the primary rack handler area 210 whereas the storage rack
docking element 312 and the front side of the second robotic
arm 320 are oriented towards the refrigerating or storage
section 14.

In operation, a primary rack PR containing sample tubes
S 1s conveyed into the image analysing unit 250 by means of
conveyor 214 where the sample tubes S are analysed as to
given predetermined geometric parameters in order to deter-
mine whether a sample tube is system conform or non-system
conform. After this analysis, the primary rack PR 1is trans-
ferred, by means of the first robotic arm 220 of the primary
rack handler area 210, to the primary rack docking element

340 (assuming that all sample tubes 1in the primary rack

10
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where found to carry a cap; otherwise there would first fol-
low the re-capping procedure as described above, followed by
another i1mage analysis as the case may be).

When a primary rack PR 1s positioned in the primary
rack docking element 340 of the resorting station, the sec-
ond robotic arm 320 of the resorting station 310 starts
unloading the sample tubes S contained 1n primary rack PR by
taking them up subsequently with 1ts tube gripper 322. The
tube gripper 322 takes up a single sample tube S and moves
1t towards the storage rack docking element 312. On its way
there, the sample tube S passes a barcode reader (not shown)
which 1s positioned in front of the second robotic arm 320
in such a manner that the second robotic arm 320 may move
the sample tube S, on 1ts way to the storage racks SR, along
the optical path of the barcode reader, at the same time ro-
tating the sample tube slowly so that the barcode applied to
the outer surface of the sample tube can be read by the bar-
code reader.

As all electronic elements of the laboratory equipment
unit 10, namely the robotic arms and their respective con-
trol units, the image analysing unit, the barcode readers
etc., are connected to a central CPU with a database, the
second robotic arm 320 "knows" which sample tube in the pri-
mary rack about to be unloaded is system conform and thus 1is
to be unloaded. Therefore, only sample tubes which where
categorized before as system conform will be unloaded in the
resorting section 310 while the sample tubes which where
categorized as non-system conform will remain in the primary
rack.

By means of the barcode reader of the resorting section
310, the system double checks if the sample tube held by the
tube gripper 322 1is system conform and retrieves the data
necessary for resorting, e.g. the sample tube’s diameter
and/or the sample tube’s shelf life. These may be the two
malin parameters for resorting. Accordingly, a plurality of
storage racks SR 1s provided on the storage rack docking
element 312 with various diameter openings for receiving

sample tubes from the second robotic arm 320. This means,

11
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that all sample tubes with a given diameter are correspond-
ingly put in an appropriate storage rack, and that only sam-
ple tubes with the same shelf life are put i1into the same
storage rack. Other sorting criteria are, of course, possi-

ble, such as e.g. tube height.

As can be seen from both, Figures 3 and 4, the storage
racks SR are not positioned 1n parallel to each other, but
along a circle segment and pointing towards the gate (not
shown) leading to the refrigerating or storage section 14
(L.e. the loading/unloading 1interface between the two sec-
tions 12, 14). When a storage rack 1s ready to be trans-
ferred into the refrigerator 16 of the storage section 14,
the gate opens and a (third) robotic transfer system (cf.
Figure 5 and 6) which 1s positioned within the refrigerator
16 extends trough the gate opening and takes up the accord-
ing storage rack in order to transfer it into the refrigera-
tor. A front surface 90 of each storage rack SR comprises a
vertical slot 92, at the lower end of which a substantially
horizontal circular opening 94 is provided (cf. Figures 7 to
9). The third robotic transfer system may couple with the
storage rack by engaging 1nto the circular opening 94 with
an appropriate complementary element, e.g. a hook 526 with
appropriate dimensions, and draw the storage rack onto a
platform of the third robotic transfer system. Next to the
vertical slot 92 on the front surface 90 of the storage rack
SR 1s an area 91 destined to receive a barcode label.

As can be seen from Figure 4, the storage rack docking
element 312 1s provided with a plurality of recesses for re-
ceiving the storage racks, the recesses having a tee slot
cross-section in which the storage rack SR can slidingly en-
gage with corresponding extensions 96 provided along the
lower edges of 1its lateral faces 98. Further, the storage
rack docking element 312 1is provided with orientation and
abutment elements 316 in front of each recess 314 to facili-
tate positioning of the robotic transfer system in front of
the storage racks.

With reference to Figures 5 and 6, a robotic transfer

system 510 of the 1nvention comprises a carrier element 512

12



CA 02673499 2009-07-21

with substantially vertical extension which can move along a
vertical post 514 in longitudinal guide slots 516 by means
of appropriate electric motors.

The carrier element 512 carries a platform 518 which
can protract forward from carrier element 512 by means of an
electric motor 520 and belt drive 522. The carrier element
512 further comprises a kit 524 which 1s slidingly posi-
tioned on the platform 518 and which, at 1its front, 1s pro-
vided with the hook-like element 526 for engagement with the
corresponding horizontal opening 94 of a storage rack SR.

The robotic transfer system 510 further comprises a
barcode reader 530 which 1s positioned i1n such a manner that
it can read the barcode label applied to the barcode surface
91 of a storage rack SR when the carrier element 512 and
platform 518 are positioned in front of the storage rack. To
this end, the barcode reader 530 may be attached to the car-
rier element with a slight angle as shown in Figure 6.

Further, the robotic transfer system 510 comprises a
rail bar 540 on the underside of which the vertical post 514
is slidingly attached by means of a sled 542, the sled 542
being able to move along guide slots of rail bar 540. The
rail bar 540 may be attached to a ceiling of the refrigera-
tor 16 so that an overhead movement of the robotic transfer
system 510 is possible, with the advantage that the floor of
the refrigerator along the aisle between the shelves remains
free from any guide bars or rails. The refrigerator may be
provided with suitable sensors so that when a person enters
the refrigerator the robotic transfer system comes to a
standstill or first moves to a neutral or home position,
e.g. at the opposite aisle end from the door, where it then
comes to a standstill. The sensors might be connected to the
door (such as a safety switching circuit) and/or to the
floor area (such as a light barrier, any other photosensi-
tive relay, a step sensor which senses weight on the floor
etc.).

The vertical post 514 of the robotic transfer system
510 is attached to the sled 542 by means of a rotary joint

13
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544 which enables full rotary movement of the post 514 to-
gether with the carrier element 512.

Figures 10 and 11 show perspective views of a storage
rack SR 1n storage position on a shelf 110. Each shelf 110
comprises a plurality of T-pins 112 which are aligned on the
shelves 110 so as to form a receiving compartment for a
storage rack SR. The distance between two pins 212 1in longi-
tudinal direction of a shelf 110 may be about equal to the
width of the storage rack SR at 1ts bottom side including
the longitudinal extensions 96. In loading direction, there
should be at least two pins 112 1n order to provide a proper
guiding of the storage rack SR when slid onto the shelf. A
pin 112 may be provided at about half length of a storage
rack and/or at the rear side of the shelf (cf. Figures 10
and 11, respectively). The T-shape of the pins 112 ensures a
fitting position of the storage rack SR on the shelf as the
longitudinal extensions 96 are positioned below the heads of
the T-shaped pins, encompassing so-to-say underneath the
heads of the T-shaped pins, and thus the racks can only be
moved i1n one direction.

Further, the shelves 110 may comprise elevated retain-
ing elements 114 indicated in Figure 10. The retaining ele-
ments 114 are preferably located 1n the back area of each
shelf 110 and are designed to fit underneath a corresponding
recess 116 of the storage rack SR. The elevated retalning
element 114 may be formed by a stamping of the sheet metal
of the shelf or any other appropriate method. Although it
may be possible to form the retaining element on the shelf
by fixing 1t thereto (such as glueing, screwing, welding),
it should be advantageous to make it in one piece with the
shelf for robustness reasons. The recess 116 at the bottom
si1ide of the storage rack SR may have a concave form to bet-
ter fit with the elevated retaining element 114. The retain-
ing element 114 has the function to retain the fully in-
serted storage rack 1n 1ts storage position, thus preventing
the storage rack e.g. to slowly move away from the storage
position and possibly fall, due to e.g. vibrations during

operation of the system. Such elevated retaining elements

14
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114 may, of course, also be provided in the recesses 314 of
the storage rack docking element 312.

The platform 518 1is connected with a height adjustment
device, preferably together with the carrier element 512.
The height adjustment device lowers the platform slightly
with regard to the level of the shelf from which a storage
rack 1s to be pulled just before the storage rack 1i1s pulled
onto the platform 1n order to avoid that the storage rack
might get stuck at the front edge of the platform 518 when
being pulled from the shelf onto the platform. In case a
storage rack 1s to be pushed from the platform onto the
shelf, the height adjustment device raises the platform
slight‘ly with regard to the level of the shelf for the same
reason, 1.e. 1n order to avolid that the platform might get
stuck with its front edge when being pushed over the front
edge of the shelf.

In the i1nitial operation phase, the program of the CPU
controlling the robotic transfer system 510 runs a self-
teaching routine. This self-teaching routine works by means
of a sensor reading markings along the shelves, e.g. applied
to each of the respective top shelf storage rack end posi-
tions and bottom shelf storage rack end positions and with
the i1nformation of how many storage positions per shelf and
how many shelves (1.e. rows of shelves) one shelf wall of
the storage section comprises. The self-teaching routine al-
lows the robotic transfer system 510 to gauge itself by hav-
ing the robotic transfer system 510 move to a first storage
rack end position of either the top or the bottom shelves,
then move horizontally along the shelf until 1t identifies
the respective opposing storage rack end position, all by
measuring the distance between the two storage rack end po-
sitions. Then, the robotic transfer system 510 moves verti-
cally to the respective opposing bottom or top shelf until
1t i1dentifies the third storage rack end position, again by
measuring the distance between the two storage rack end po-
sitions. Then, the robotic transfer system 510 moves again
horizontally along the shelf to the fourth storage rack end

position, again measuring the distance between these two
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storage rack end positions. To make 1t complete, the robotic
transfer system 510 may optionally move agalin vertically to
the initial storage rack end position to obtain a fourth
measured distance. Of course, the order of the movement 1s
not binding, the robotic transfer system 510 may also first
move vertically before moving horizontally. The described
self-teaching routine can be done on the basis of e.g. four
markings, 1.e. one marking per storage rack end position.

Gaugiling 1s then obtained by calculating the distances
between 1ndividual storage positibns by dividing the dis-
tance between horizontal storage rack end positions by the
number of storage rack positions and by dividing the dis-
tance Dbetween vertical storage rack end positions by the
number of shelves and by storing the absolute coordinates of
the four storage rack end positions. On the basis of these
figures, the robotic transfer system 510 may find every
shelf storage position with 1ts internal coordinate system.
A similar self-teaching routine 1s executed also with re-
spect to the storage rack docking element 312 shown in fig-
ure 4, when a storage rack SR has to be stored or retrieved,
wherein the abutment elements 316 have the function of mark-
ings located in front of each recess 314.

Figure 12 shows a schematic perspective view of the
disposal unit 18 which is a part of the storage section 14,
being located outside of the refrigerator 16 but adjacent to
the refrigerator 16. The refrigerator 16 and the disposal
unit 18 are separated by a partition wall 610 (only a por-
tion of which is shown in Figure 12) which is provided with

a gate opening 612 large enough for a fully loaded storage
rack to pass through.

The disposal unit 18 comprises a tilt module 620 which
may be fixedly attached to the partition wall 610 in align-
ment with the gate opening 612. Attachment may be done for
example by means of bolts and nuts with appropriate dimen-
sions (cf. Figure 12). Underneath the tilt module 620, there
1s provided a waste container 640. The tilt module comprises
a Storage rack park position 622. The rack park position 622
may be a platform with guide elements with a T- or L-shaped
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cross-section for holding the storage rack SR 1n position
when the storage rack SR 1s tilted over in the tilt module
620. The guide elements may be guide grooves formed by
raised side edges, encompassing the lower edges of a storage
rack when being slid in the park position so that the pro-
truding extensions 96 provided along longitudinal edges of
the storage rack engage with the raised edges guide grooves
of the platform 622. Alternatively, instead of guide grooves
the platform 622 may comprise, as guide elements, T-shaped
gulde pins 112 as described above 1in connection with the
shelves 110 of the storage section 14.

The rack park position 622 1s provided within a drum
624 which 1s rotatable around a centre axis 626.

In operation, a storage rack SR 1s pushed into the drum
624 1in the rack park position 622 by means of the robotic
transfer system 510 of the refrigerator 16 through the gate
opening 612 i1n the partition wall 610 between refrigerator
16 and disposal unit 18. Once the storage rack SR 1is 1in
place and the gate opening 612 1s closed, the drum 624 ro-
tates about the rotation axis 626, e.g. counter-clockwise as
shown 1in Figures 13A, 13B and 13C so that the storage rack
module held 1in place in the rack park position 622 by the
above-described guide grooves 1s tilted over and the sample
tubes S contained therein fall, due to gravity, 1in the waste
container 640 provided below the tilt module 620.

As alternative to the tilt module 620 the robotic
transfer system 510 of the refrigerator 16 may be adapted
(not shown) to extend through the gate opening 612 in the
partition wall 610 between refrigerator 16 and disposal unit
18 and to rotate about a rotation axis so that the storage
rack module 1i1s held in place and the sample tubes S con-
tained therein fall, due to gravity, i1n the waste container
640 provided underneath.

Thus, the method of the invention comprises the steps
of loading storage racks (SR) into the storage section (14)
through a gate by means of the robotic transfer system
(510), of retrieving, upon need or after a certain time pe-

riod, e.g. shelf life, has elapsed, a storage rack (SR) from
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the storing section (14) through a gate by means of the ro-
botic transfer system (510), 1in case the certain time period
has lapsed, bringing a storage rack (SR) 1nto the disposal
unit (18) by means of the robotic transfer system (510), and
disposing sample tubes through the disposal unit (18).

As may be seen from Figures 13A to 13C, the rack park
position 622 1s located off-centre from the rotation axis
626 which makes that the storage rack SR 1tself 1s not ro-
tated but rather tilted so that the process of turning over
the storage rack SR 1s smoothened so that the sample tubes
rather slide out of the storage rack than fall out of the
same. This effect 1s i1ntensified by the presence of two side
walls 628 within the drums 624 which extend adjacent to the
side walls 98 of the storage rack SR beyond the height of
the tubes S. As an effect, the sample tubes S fall or rather
slide out of the drums 624 1in a controlled manner so that
the likelihood of a sample tube dropping outside of the
waste container 640 1is ruled out or at least minimised.

Figure 14 shows an alternative embodiment of the dis-
posal unit. This embodiment comprises two smaller waste con-
tainers 642. The tilt module 620 remains unchanged compared
to the embodiment shown 1in Figure 13 (merely the rack park
position 622 1is located on the other side of the rotation
axes 626 1n a mirror-inverted manner).

Underneath the tilt module 620 between the drum 624 and
the two waste containers 642, a deflector 650 1is provided.
The deflector 650 has a cross-section of substantially tri-
angular form (which makes 1t some kind of double deflector
with two downwardly sloped deflector plates 652) and is po-
sitioned with its midperpendicular plane vertically above
the adjacent edges of the two waste containers 642 touching
each other. The positioning of the triangular deflector 650
1s such that, when the drum 624 is rotated in either direc-
tion, the sample tubes S falling or sliding out of the stor-
age rack SR first slide along the side walls 628 and then
along either one of the two sloped plates 652 of the deflec-
tor 650 into the respective waste container 642 as the tri-

angular cross-section 1s sloped towards the upper openings
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of the waste contailiners. The double deflector 650 therefore
prevents sample tubes S from falling 1n between the two
waste containers 642 or from hitting the edges of the waste
contailners 642 placed below the drum 624 which could make
them rebound and fall next to the waste contalners.

Additionally, a sensor (not shown) may be provided 1in
order to detect when the waste container 1s full and should
be changed. This sensor might be connected to a control unit
or CPU (not shown) of the tilt module in order to disrupt
operation of the tilt module until the waste container 1is
emptied or replaced in order to prevent sample tubes over-
flowing and samples being spilled. Another sensor may be
also provided to check that the functioning of the drum 624,
e.g. angle of rotation, receiving position, etc. are cor-
rect.

Following disposal, the emptied storage rack 1is with-
drawn from the disposal unit 18 by the robotic transfer sys-
tem 510. During retraction, a sensor 528 located on the ro-
botic transfer system 510 may detect whether any tube has
remained in the storage rack SR. If this is the case, a non-
conform status 1s detected and the storage rack SR is e.d.
transported to a park position, e.g. on one of the upper
shelves 110 of the storage section 14 where more space in
height 1s allocated, before further processing. The same or
another sensor may have also the function of height sensor,
e.g. to check during the operation of storing a storage rack
that the height of the tubes does not exceed a certain
threshold value, e.g. given by the distance Dbetween two
shelves o0of the refrigerator 16. Alternatively, the storage
rack 1s transported to a storage rack docking element 312 of
the resorting section 310. Here, the sample tubes (S) re-
mained 1in the storage rack are resorted to a different rack,
e.g. a waste rack (WR), which preferably comprises larger
diameter openings, typically larger than the diameter of any
tube handled by the system, e.g. 2-3 cm diameter or more.
Afterwards, the waste rack (WR) 1is transported by the ro-
botic transfer system 510 to the disposal unit 18 and the

disposal procedure 1s repeated. The all process may be re-
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peated more times 1f necessary. Normally, the use of larger
diameter openings 1n the waste rack (WR) reduces the risk

that this occurs.
Thus the method of the i1nvention may comprise the steps

of sensing by means of a sensor 528 whether sample tubes (S)
have remained in the storage rack (SR) after disposing and
in the affirmative transporting the storage rack (SR) to a
park'position and/or resorting the remained sample tubes (S)

to a waste rack (WR) and repeating the disposal procedure.
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CLAIMS:

1. A laboratory system to handle laboratory sample tube

racks, comprilising:

F

a storage section with a plurality of shelves for

ﬂ

storing a plurality of sample tube racks, wherein the

storage section further comprises:

a) a disposal unit for disposing sample tubes from the

sample tube racks; and

b) a robotic transfer system configured for loading the

sample tube racks into the storage section, for retrieving

" and

the sample tube racks from the storing section and for

bringing a sample tube rack to the disposal unit after a

F

given storage time of the sample tube rack has elapsed.

P

2 . The laboratory system of claim 1, wherein the robotic

transfer system comprises a coupling element for coupling

with the sample tube rack to be conveyed, the coupling

element transferring push/pull forces on the sample tube

rack when coupled thereto, and a platform for carrving the

sample tube rack to be conveyved, wherein the platform is

connected with a height adjustment device, the height

adjustment device lowering the platform with regard to shelf

level 1n case the sample tube rack is pulled onto the

platform, and the height adjustment device raising the

F

platform with regard to shelf level in case the sample tube

rack 1s pushed from the platform.

#

3. The laboratory system of claim 2, wherein the coupling

pi—

element 1s an L-shaped hook for engagement with a

corresponding opening of the sample tube rack.
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4 . The laboratory system of any one of claims 1 to 3,

wherein the storage section comprilises one or more shelves,

and wherein each shelf of the one or more shelves comprises

g

a plurality of T-pins which are aligned on the shelves so as

- N

to form a receiving compartment for the sample tube rack and

provide a proper guiding of the sample tube rack when slid

B

onto the shelf.

5. The laboratory system of claim 4, wherein the shelves

F

further comprise a plurality of elevated retaining elements

for retaining a fully inserted sample tube rack 1n its

storage position.

poma —

6 . The laboratory system of any one of claims 1 to 5,

wherein the disposal unit comprises a tilt module and a
waste container, the tilt module having a rack park position
positioned above the waste container, the tilt module being

designed to tilt the sample tube rack loaded by the robotic

transfer system into the rack park position over such that

sample tubes (S) contained in the sample tube rack fall or

slide 1nto the waste container below.

7. The laboratory system of claim 6, wherein the rack park

position comprises guide elements with a T- or L-shaped

cross-section for holding the storage rack (SR) in position

when the storage rack (SR) 1s tilted over in the tilt

module.

8 . The laboratory system of claim 6, further comprising a

deflector wherein the deflector is positioned between the

tilt module and the waste container and guides falling

sample tubes (S) 1nto the waste container.
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9. The laboratory system of any one of claims 1 to 8,

further comprising a self-teaching system which enables the

robotic transfer system to gauge 1tself, the self-teaching

system comprising markings at defined positions along the

shelves.

#
P

10. The laboratory system of

any one of claims 1 to 9,

whereilin the robotic transfer system further comprises a

sensor for sensing the presence or the height of sample

tubes (S) i1n a storage rack (SR).

11. A method to handle laboratory sample tube racks in a

laboratory system comprising a storage section having a

.

plurality of shelves for storing a plurality of sample tube

racks, a disposal unit and a robotic transfer system, the

F
ad

method comprising the steps of

a) loading the sample tube racks into the storage

pra r—

section through a gate by means of the robotic transfer

system;

b) retrieving upon need a sample tube rack from the

F

storing section through the gate by means of the robotic

transfer system;

Cc) bringing the sample tube rack into the disposal unit

by means of the robotic transfer system after a given

storage time for the said sample tube rack has elapsed; and

d) disposing sample tubes through the disposal unit.

12. The method according to claim 11 further comprising the

steps of:

e) sensing by means of a sensor whether sample tubes

(S) have remained in the sample tube rack after disposing

step (d) and in the affirmative,
23
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f) transporting the sample tube rack to a park position

or resorting the remained sample tubes (S) to the sample

tube rack and repeating steps c¢) and d).

24



/i@

ll
!‘l"l “

12




212

224

222
220

PR

PR

210

230

CA 02673499 2009-07-21

;
240
PR

o) (0) ©) ©) (OE

0) ) ©) ©) OB ©) ©) ©) ©EBIo) ©) ©) O OHEBXO) ©) ©) (© O

o) (0 ©) ©) ©HHO ©) © ©) ©O)E&

Ay i s s ety el

°©o

N e A 8

0) (©) (©) ©) ©)BH©) ©) (© ©) ©O)8

Aol ey i A A Ay Al e i

A s i s s s dis iy iy

O

o) (0) (O (©) ©HNO) © ©) © (O)E

Ay iy iy ey iy oty oty ety o3y

230

310

/

230
230

230

PR

250

230

PR

(o 4
Q.




- CA 02673499 2009-07-21




- ' CA 02673499 2009-07-21




- *CA 02673499 2009-07-21

516

516




-+~ CA 02673499 2009-07-21

Fig. 6



VCA 02673499 2009-07-21




v CA 02673499 2009-07-21

112

110

112

112

T || ||II|
I|||I SR

1L

- A
gyl ———

i

4(_I

92

Fig. 11



- YCA 02673499 2009-07-21

Fig. 12



“ NCA 02673499 2009-07-21

-~ 0r9




“"CA 02673499 2009-07-21

642

L/
0.‘
IIJ

(7 772 72 2 8 2 2 &8 8 8 2 8 Ll Ll Ll s il ld L Lll S

N
4
(=

"
....
"
— ™
"
L
" "'
"
"
"
"
..
‘.

'




=

ALY
ﬂyf ,.u.f
./
.../. .
A NN N o ;e

= &)

[}V

)

l L
C-—)¥ ~
§ -
oy

528

i -

g ol WRE T
. g f (-
-1l

(ol
1

PN )
v (f-l)‘,

(-

(>

S (-

il

)
g o,
¢

ymiu«
(-_)®
|

ymd
Ly o
[




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - abstract drawing

